Cadmium species in river water were kinetically extracted with dithizone by varying the extraction time. The obtained extraction curve showed a three-stage stepwise profile that reflected the rate of the ligand substitution reaction between the dithizone and cadmium species. Corresponding to each stage, we divided these extracted cadmium species into three groups: "highly labile", "moderately labile" and "slowly labile" species.
The chemical speciation of trace heavy metals in natural water has long been quite obviously a very difficult analytical problem 1 because the concentration of many heavy metals is often below 1 µg/l, and sometimes below 0.1 µg/l. However, a speciation analysis of a water sample is necessary for understanding the toxicity, bioavailability, bioaccumulation and transport of a particular element. 2 Cadmium is well known to be extremely toxic in humans and other animals.
Trace heavy metals in natural water are found in various physical or chemical forms, such as simple ions, ion pairs, organic or inorganic complexes, and metal ions sorbed onto particulates or colloids. 1,2 A variety of physicochemical separation techniques have been used to study speciation analysis. Dialysis, ultrafiltration and centrifugation have been used to separate ionic metal from metals associated with colloidal particles. 1, 2 Extraction with a chelating reagent or resin has been used in combination with acid digestion or ultraviolet irradiation to classify trace metals into species of extractable or exchangeable and bound. 1, 2 In certain instances, cadmium species were classified as being "very labile", "moderately labile", "slowly labile" and "inert", utilizing anodic stripping voltammetry and Chelex-100 resin in successive column and batch procedures. 3 In the present work, we determined the labilities of cadmium species in river water by graphite furnace atomic absorption spectrometry and a kinetic mode solvent extraction method using dithizone (1,5-diphenylthiocarbazone) as a chelating reagent. Although an automated apparatus for the study of solvent extraction kinetics have been developed 4 and applied to the speciation of aluminum, 5 the proposed kinetic method for the speciation of ng/l level of cadmium is based on the batch extraction and backextraction procedure.
Recently, flowing stream techniques have been applied to speciation analysis, 6, 7 such as size exclusion chromatography-UV absorption detection-ICP-MS. 8 The result of a certain pond water indicated that most of the heavy metals, including cadmium, exist dominantly in the large organic molecule fraction, which may be closely related to humic substances. 8 Therefore, we compared the labilities of the cadmium species in a model solution containing humic acid (HA) with those in river water.
Experimental
A collected river water sample was filtered thorough a 0.45 µm PTFE membrane filter, and cadmium species were extracted into chloroform by a ligand substitution reaction with dithizone at the natural pH. In the case of an acidified sample, excess acid was neutralized by adding a sodium hydroxide solution. Thirty milliliters aliquots of filtered sample were transferred into a series of glass centrifuge tubes, and 3 ml of a 0.1 mM dithizone-chloroform solution was added to each centrifuge tube. By varying the extraction time, as shown in Figs. 1 and 2, these centrifuge tubes were shaken on a mechanical shaker. After 5 min for phase separation by centrifuging, each 2 ml of the organic phase was pipetted and transferred into another centrifuge tube. The back-extraction of cadmium was carried out using 100 µl of concentrated nitric acid (60%) for 5 min, after which the mixture was centrifuged for 5 min. Then, 300 µl of ultra-pure water was added and the contents were shaken for 5 min. After centrifuging for 5 min, the back-extracted solution was transferred into a collection vial.
A 50-fold preconcentration factor was obtained by this procedure. Cadmium determinations were performed with a Hitachi Z-5700 polarized Zeeman graphite furnace AAS equipped with an autosampler.
The working conditions were as follows: Analytical line, 218.8 nm; Injection volume, 20 µl; Drying, 80 -140˚C for 40 s; Ashing, 300˚C for 20 s; Atomizing, 1500˚C for 5 s.
Results and Discussion
The proposed kinetic method was applied to river water samples. As can be seen from Fig. 1B , free cadmium ion was extracted into chloroform as dithizonato complex within 1 min. On the contrary, the extraction curve obtained by river water shows a three-stage stepwise profile (Fig. 1A) . Watarai and Freiser have suggested that the rate-determining step of the extraction of divalent metal ions by dithizone and its alkyl-derivatives is the formation of the 1:1 chelate in the aqueous phase. 9 Therefore, we have considered that this time profile reflects the rate of the ligand substitution reaction between the dithizone and cadmium species in river water; this reaction is probably the ratedetermining step for extracting cadmium species.
The "spectrum" of free and associated forms of metals present in aquatic environments includes the following species: hydrated ions of the free metal, very or moderately labile metal complexes of the ML type (M = metal; L = inorganic or organic ligand), kinetically labile metals (i.e. ML complexes of low dissociation rates and metals bound to inorganic colloids) and inert metals (very stable or inert forms of complexed metals). 10 After this classification, we divided the extractable cadmium species into three groups: "highly labile", "moderately labile" and "slowly labile" species, as shown in Fig. 1 . These contents were found to be 10.1, 3.2, 2.2 ng/l, respectively. Good reproducibility was obtained by three repeated analyses.
As shown in Fig. 2A , the "inert" species in river water could be extracted by an acid treatment; the sample water was acidified to pH 1 with nitric acid and boiled for 1 h. Furthermore, the extraction curve obtained by the model solution (Fig. 2B) shows much the same pattern. A model solution was prepared by dissolving an appropriate amount of HA (Wako Pure Chemical, Japan) and cadmium in ultra-pure water. Because this acid treatment was a soft acid digestion procedure, the real content of the "inert" species seemed to be slightly higher than this result if more hard acid digestion was carried out. Comparisons of several acid digestion methods are under investigation. Figure 3 shows the change in the distribution of the cadmium species in a model solution preserved in a dark place at room temperature. The content of the "highly labile" species decreased with the elapsed time, and that of the "moderately labile" species increased, in contrast. The content of the "slowly labile" species slightly increased. The content of the "inert" species reached a maximum value, and then slightly decreased. It is not clear from this result, but the decline in the "inert" species seems to represent the loss upon precipitation or adsorption. However, the interaction between cadmium and HA did not attain equilibrium within the limits of this experiment; it would thus appear that the content of the "inert" species practically did not decrease. Although more detailed research is necessary for the speciation of cadmium in natural water, this is a preliminary report. 
